A double-antibody sandwich method of enzyme-linked immunosorbent assay was developed to detect lipopolysaccharides (LPS) from the eight most prevalent Pseudomonas aeruginosa serotypes (01, 02,5,16, 03, 04, 06, 09, 010, and 011). Immunoglobulin M fractions from rabbit antisera were used as the coating antibody and as the antibody to be conjugated to an enzyme. When two fractions of LPS (I and II) obtained by Sepharose 2B column chromatography were assayed, LPS II showed 10 to 100 times more activity than LPS I; the detection level of LPS II was 0.1 ng/ml. When LPS in purified preparations or in culture filtrates was examined with both homologous and heterologous antibody systems, the same specificity pattern was demonstrated, suggesting that, in crude filtrates, antigens other than LPS do not interfere in the assay. The method described can be used to detect LPS in biological fluids.
The importance of Pseudomonas aeruginosa as an opportunistic pathogen in nosocomial infections has been increasing steadily. A variety of predisposing conditions, including immunosuppressed status, have made more patients susceptible to infection. P. aeruginosa in an infected site tends to spread through the bloodstream, particularly in the compromised host, frequently leading to the death of the patient. A sensitive and specific assay for P. aeruginosa antigen in body fluids would facilitate early diagnosis of the infection and better evaluation of developing septicemia. It would also be useful for studying the mechanism of antigenemia in experimental animals, as well as in patients.
P. aeruginosa produces a number of intra-and extracellular antigens. Among these, lipopolysaccharide (LPS) is specific, highly immunogenic, and responsible for various clinical manifestations. It is also easily released into the surrounding medium from the bacterial cell in vitro and in vivo. LPS is, therefore, a suitable antigen to be considered for the study of antigenemia. Thus, we set out to develop an assay for detecting LPS. Since the sensitivity and specificity of such an assay would be critically important, an enzyme-linked immunosorbent assay (ELISA), which has been used to detect antigens in some infectious diseases (11, 16) , was considered. This report describes the development and evaluation of a double-antibody sandwich method for detecting the LPS of P. aeruginosa.
MATERIALS AND METHODS Bacteria. Reference strains of P. aeruginosa, selected for the International Antigenic Typing Schema (1, 3) , were received from P. V. Liu of the University of Louisville, Louisville, Ky. They were used to produce LPS, culture filtrates, and typing sera, except for serotype 02,5,16. Antigens 02, 05, and 016 are closely related and occur in four combinations (1) . For this study, all strains related to these antigens were placed in one group, 02,5,16, and were represented by strain B1807 (1), a clinical isolate possessing all three antigens. Several laboratory-maintained strains belonging to other Pseudomonas species (P. fluorescens, P. stutzeri, P. putida, and P. pseudoalcaligenes) were also used to prepare culture filtrates.
LPS. LPS was prepared from the eight most prevalent P. aeruginosa serotypes (01, 02,5,16, 03, 04, 06, 09, 010, and 011), which represent 85% of the clinical isolates (unpublished data). Bacteria were grown in Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) on a shaker at 30°C for 20 h, washed in saline three times, and dried with acetone. LPS was extracted from the dried cells by the hot phenol-water method of Westphal and Jann (14) . After dialysis against distilled water, the extract was concentrated in an Amicon cell with an XM 300 membrane (Amicon Corp., Danvers, Mass.) and treated with RNase and DNase, as described previously by Romeo et al. (9) . The material was concentrated again, centrifuged to remove any insoluble material, and applied to a column of Sepharose 2B (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.), equilibrated with phosphate-buffered saline (PBS) at pH 7.2 (NaCl, 6.8 g/liter; Na2HPO4, 1.48 gtliter; KH2PO4, 0.43 g/liter).
Production of antisera. Rabbit antisera were prepared as described previously (1) . Rabbits were given A substrate solution (34 mg of o-phenylenediamine and 40 FJ of 30o H202 in 100 ml of 0.1 M phosphatecitrate buffer, pH 5.0) was added to each well in 200-p.l amounts. After 30 min at room temperature, the reaction was stopped by adding an equal volume of 1.6 N H2SO4. Tests were done in duplicate, and the contents of paired wells were combined and transferred to semimicro cuvettes. The optical density of each sample was read at 492 nm (OD492) with a spectrophotometer (model 2400; Gilford Instrument Laboratories, Inc., Oberlin, Ohio) against a blank from wells to which only diluents were added.
Culture filtrates. With strains possessing one or more of the 02, 05, or 016 antigens considered as a single serotype, a total of 11 serotypes were identified in the Albany area. Reference strains for these serotypes were grown in a synthetic medium, SM 11 (2), at 37°C for 18 h. The cultures were centrifuged, and the supernatants were passed through a 450-nm membrane filter (Millipore Corp., Bedford, Mass. Fig. 4 . Although the homologous reaction was conspicuous, there were some cross-reactions with heterologous LPS II. In both systems a reaction of 1.0 at OD492 was shown by approximately 100 ng of the homologous LPS II per ml. This dosage was selected for the comparison of homologous and heterologous reactions (Table  1) . Most cross-reactions were slight to moderate, but in the 09 and 010 systems the crossreactions were more extensive. Phenol-water-extracted LPS from other gramnegative bacteria (Escherichia coli 026:B6, E. coli 027:B8, Salmonella typhimurium, Salmonella typhosa 0901, Shigellaflexneri, and Serratia marcescens) were obtained from Difco Laboratories (Detroit, Mich.) and tested against the eight antibody systems. No cross-reactions were observed at 1 jig/ml. Specificity of ELISA tested with culture filtrates. A similar specificity test was performed with culture filtrates prepared from 11 serotypes ( Table 2 ). The reaction pattern was almost the same as that for purified LPS II (Table 1) . Culture filtrates were also prepared from other species of Pseudomonas (P. fluorescens, 2 strains; P. stutzeri, 2 strains; P. putida, 1 strain; and P. pseudoalcaligenes, 1 strain) and tested in the same way. All showed no reaction at 1 ,ug/ml. DISCUSSION Because of the method of immunization, high agglutinin titers of our typing antisera were associated mainly with the production of IgM antibody. ELISA activity of these sera was also limited to IgM fractions. IgG fractions showed little or no activity. Wilson and Nakane (15) reported HRPO-IgG conjugate with an OD403/OD280 ratio of 0.3 to 0.6 as satisfactory.
Our HRPO-IgM conjugate had an OD403/OD280 ratio of 0.25 to 0.3. Decreasing the proportion of HRPO resulted in conjugate preparations with poor enzyme activity. Increasing it did not substantially increase the enzyme activity.
The coating antibody and conjugate were unstable when stored at 4°C, even in the presence of 1% bovine serum albumin. All double-anti- 
